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The complete nucleotide sequence of Citrus leaf blotch virus (CLBV) was determined. CLBV genomic RNA (gRNA) has 8747
nt, excluding the 39-terminal poly(A) tail, and contains three open reading frames (ORFs) and untranslated regions (UTR) of
73 and 541 nucleotides at the 59 and 39 termini, respectively. ORF1 potentially encodes a 227.4-kDa polypeptide, which has
methyltransferase, papain-like protease, helicase, and RNA-dependent RNA polymerase motifs. ORF2 encodes a 40.2-kDa
polypeptide containing a motif characteristic of cell-to-cell movement proteins. The 40.7-kDa polypeptide encoded by ORF3
was identified as the coat protein. The genome organization of CLBV resembles that of viruses in the genus Trichovirus, but
they differ in various aspects: (i) in trichoviruses ORF2 overlaps ORFs 1 and 3, whereas in CLBV, ORFs 2 and 3 are separated
and ORFs 1 and 2 overlap in one nucleotide; (ii) CLBV gRNA and CP are larger than those of trichoviruses; and (iii) the CLBV
39 UTR is larger than that of trichoviruses. Phylogenetic comparisons based on CP amino acid signatures clearly separates
CLBV from trichoviruses. Also contrasting with trichoviruses, CLBV could not be transmitted to Chenopodium quinoa Willd.
Considering these singularities, we propose that CLBV should be included in a new virus genus. © 2001 Academic Presse
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Citrus leaf blotch virus (CLBV) was first detected in
Nagami kumquat (Fortunella margarita (Lour.) Swing.),
clone SRA-153 from Corsica (France), showing bud union
crease when propagated on Troyer citrange (C. sinensis
(L.) Osb. 3 P. trifoliata (L.) Raf.) (Navarro et al., 1984).
Later, it was also detected in citrus varieties from Japan,
New South Wales (Australia), Florida, and Valencia
(Spain), usually associated with abnormal bud union on
citrange or citrumelo (Citrus paradisi (Macf.) 3 Poncirus
trifoliata) (Galipienso et al., 2001 and unpublished data).
Citranges are important rootstocks in many citrus grow-
ing areas in the world, and in Spain they presently
account for about 50% of all commercial citrus trees.
Therefore, dispersal of a graft-transmissible pathogen
causing bud union crease on this rootstock could poten-
tially cause important economic losses.
Partial purification from various citrus hosts showed that
CLBV virions are filamentous particles about 960 3 14 nm
in size, containing a single-stranded genomic RNA (gRNA)
of approximately 3 3 106 Mr (about 9000 nt) and a coat
rotein (CP) of approximately 42 kDa (Galipienso et al.,
001). Size of CLBV virions and symptoms induced in var-
ous citrus hosts clearly differentiate CLBV from other fila-
entous viruses previously detected in citrus (Galipienso
1 To whom correspondence and reprint requests should be ad-
ressed at Instituto Valenciano de Investigaciones Agrarias, Ctra.
oncada-Na´quera Km.4.5, 46113 Moncada, Valencia, Spain. Fax: 34-
6-1390240. E-mail: jguerri@ivia.es. o
225t al., 2000, 2001). The morphology of CLBV virions is
imilar to that of viruses in genera Allexi-, Carla-, Capillo-,
Fovea-, Tricho-, and Vitivirus. However, CLBV virions are
arger than virions of capillo-, carla-, and trichoviruses (610–
60 nm) and similar to some allexi-, fovea-, and vitiviruses
725–825 nm). The size of the CLBV gRNA is in the range of
RNAs of allexi-, carla-, or foveaviruses (7.4–9.3 kb) and
arger than the gRNAs from known capillo-, tricho-, or viti-
iruses (6.5–8.0 kb). Finally, the CLBV CP is larger than the
P of known allexi-, capillo-, carla-, tricho-, or vitiviruses
18–36 kDa) (van Regenmortel et al., 2000) and its size is
nly similar to that of the ASPV foveavirus CP (44 kDa)
Jelkmann, 1994).
To further characterize this new citrus virus and define its
axonomic position, we have completely sequenced the
LBV gRNA and compared it with the gRNA sequence of
ther viruses with similar morphology. Its genome organi-
ation resembles that of members of genus Trichovirus, but
n the basis of the different biological, structural, and mo-
ecular properties exhibited by CLBV, we propose that it
hould be assigned to a new genus.
RESULTS
equence analysis and genome organization
The gRNA of CLBV has 8747 nt, excluding the 39
erminal poly(A) tail, which agrees with previous size
stimation (ca. 9000 nt) based on electrophoretic mobil-
ty of formaldehyde-denatured gRNA from virions (Galipi-
nso et al., 2001). About 30% of the gRNA sequence was
btained from random-primed cDNA clones (Fig. 1B-1).0042-6822/01 $35.00
Copyright © 2001 by Academic Press
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226 VIVES ET AL.The nucleotide sequence of all gRNA regions was ob-
tained from at least two different clones and a total of 31
mismatches were found in the whole genome. Analysis
of the deduced amino acid (aa) sequence showed that 14
of these nt changes were silent, 7 encoded similar aas,
and 10 encoded dissimilar aas. The complete nucleotide
sequence has been deposited in EMBL database with
the Accession No. AJ318061.
Reading frame analysis showed that CLBV gRNA has
three potential open reading frames (ORFs) in its positive
sense and untranslated regions (UTR) of 73 and 541 nt at
the 59 and 39 termini, respectively (Fig. 1A). No ORF of
significant size was found in the negative-sense strand.
A putative AAUAAA polyadenylation signal (Guilford et
al., 1991), conserved in several potexviruses (Bancroft et
l., 1991), was found in the 39 UTR, 49 nt upstream of the
oly(A) tail.
ORF1 (nt 74–5962) potentially encodes a large
olypeptide of 227.4 kDa (p227); ORF2 (nt 5962–7050)
ncodes a polypeptide of 40.2 kDa (p40), and ORF3 (nt
115–8206) encodes a polypeptide of 40.7 kDa (p41).
RFs 2 and 3 are separated by a 64-nt intergenic region.
he AUG start codon of the three ORFs are in a context
hat fits, at least partially, the context for optimal transla-
ion of plant mRNAs (Lu¨tke et al., 1987).
Computer-assisted comparison of the deduced aa se-
uence of the ORF1 product revealed extensive homol-
gies with RNA replication-related proteins of other plant
iruses. Four protein domains were identified. First, near
he N-terminus, the segment spanning between aa 64
nd 261 encompasses a potential type I methyltrans-
erase domain, with four distinct conserved motifs. Mo-
ifs I, II, and IV, characteristic of the Sindbis-like super-
roup of positive-stranded RNA viruses, contain an in-
ariant His residue, the AspXXArg signature, and an
FIG. 1. Outline of the CLBV genome organization (A) and location of c
protein products potentially encoded by them are indicated above the
Clones sequenced from a random-primed cDNA library. (B-2) Clones o
random-primed cDNA clones (Table 1). Clones of the 59- and 39-termin
Materials and Methods).nvariant Tyr residue, respectively. Motif III is conservedn members of genera Allexi-, Capillo-, Carla-, Fovea-,
Potex-, Tricho-, and Vitivirus (Rozanov et al., 1992; Koonin
and Dolja, 1993). Second, the segment between aa 970
and 1067 presents significant homology with papain-
related thiol proteases of positive-stranded RNA viruses
(Gorbalenya et al., 1991). Site-directed mutagenesis ex-
periments allowed identification of Cys 783 and His 869
as the active sites in the papain-like protease of Turnip
yellow mosaic virus (TYMV) (Bransom and Dreher, 1994).
Significant sequence similarities were later observed
between the TYMV protease domain and regions simi-
larly located in the potential replication-associated pro-
teins of carla-, capillo-, fovea-, and furoviruses (Rozanov
et al., 1995; German-Retana et al., 1997), and homolo-
gous Cys and His active sites were identified in these
viruses. Alignment of CLBV with several viruses of these
genera allowed us to identify Cys 980 and His 1062 as
the probable catalytic residues in CLBV. Also, a putative
helicase domain containing the seven conserved motifs
characteristic of superfamily I helicases (Gorbalenya and
Koonin, 1993) was located between aa 1159 and 1406 of
the ORF1-encoded polypeptide. Finally, the C-terminal
region of this polypeptide contained the eight motifs
characteristic of RNA-dependent RNA polymerases
(RdRp) of positive-stranded RNA viruses (Koonin, 1991;
Koonin and Dolja, 1993).
The p40 protein potentially encoded by CLBV ORF2
showed significant similarities with proteins of ACLSV
(German et al., 1990; Sato et al., 1993), ASGV (Yoshikawa
t al., 1992), and GVA (Minafra et al., 1994), presumed to
be involved in cell-to-cell movement. It also contains the
Gly and Asp residues (aa positions 105 and 111, respec-
tively) conserved in the 30K superfamily of movement
proteins of plant viruses (Koonin et al., 1991; Mushegian
and Koonin, 1993).
lones used for sequencing (B). (A) Shaded boxes represent ORFs. The
. The locations of the functional domains in ORF1 are indicated. (B-1)
d by RT-PCR using CLBV-specific primers based on sequences of the
ns (arrows) were obtained by RT-PCR from polyadenylated RNA (seeDNA c
boxes
btaine
al regioThe size of the p41 polypeptide potentially encoded by
227NUCLEOTIDE SEQUENCE OF CITRUS LEAF BLOTCH VIRUSORF3 agrees with that previously estimated for the CLBV
CP based on its electrophoretic mobility (Galipienso et
al., 2001). The deduced aa sequence of this polypeptide
contains a domain conserved in the CP of different fila-
mentous plant viruses, including the Arg and Asp resi-
dues at positions 249 and 288, respectively, thought to be
involved in salt bridge formation (Dolja et al., 1991).
Furthermore, the p41 polypeptide shows significant aa
sequence similarities with the CP of allexi-, potex-, carla-,
and foveaviruses, particularly in its C-terminal region (aa
247–301).
To confirm that p41 was the CP of CLBV, ORF3 was
cloned in the vector pMAL-C2 and expressed in Esche-
richia coli as a fusion product with the maltose-binding
protein. After cleavage, p41 was compared with the
CLBV CP in Western blot, using an antiserum raised to a
synthetic 20-aa polypeptide selected from the p41 aa
FIG. 2. Western blot analysis with an antiserum raised to a 20-aa
synthetic polypeptide based on the deduced amino acid sequence of
the CLBV coat protein (aa 263–282). Lane A, proteins from healthy
kumquat; lane B, virions purified from CLBV-infected kumquat; lane C,
partially digested fusion protein of the p41 and the maltose binding
protein (pMAL-CPK). Arrows indicate the position of the fusion protein
and of the CLBV coat protein.
FIG. 3. Comparison of the genome organization of CLBV, ACLSV
(Allexivirus), GVA (Vitivirus), and ASGV (Capillovirus). Boxes with the same pasequence. Both polypeptides showed identical electro-
phoretic mobility and reacted similarly with the anti-
serum, whereas no reaction was observed with healthy
plant proteins (Fig. 2), indicating that the p41 is indeed
the CLBV CP.
The genome organization of CLBV, ACLSV (Trichovi-
rus), ASPV (Foveavirus), GCLV (Carlavirus), PVX (Potexvi-
rus), ShVX (Allexivirus), GVA (Vitivirus), and ASGV (Cap-
illovirus) is outlined in Fig. 3. Organization of the CLBV
genome resembles that of ACLSV, but in CLBV ORFs 2
and 3 are separated by a short intergenic region and
ORFs 1 and 2 overlap in just 1 nt.
Amino acid comparison of CLBV with trichoviruses
The complete sequence of ACLSV (isolates A, P, and
Bal-1) and CMLV (German et al., 1990; Sato et al., 1993;
German-Retana et al., 1997; James et al., 2000), and
partial sequences of GINV and PVT trichoviruses are
available. Table 2 shows pairwise comparisons of pro-
teins and protein domains encoded on gRNAs of CLBV
and those trichoviruses. Amino acid identity between the
methyltransferase and helicase domains of trichoviruses
varied from 71.2 to 98.8% for methyltransferase and from
71.5 to 97.1% for helicase, whereas the corresponding
identity values between trichoviruses and CLBV were
36.1–39.1 and 26.4–35.1%, respectively. The polymerase
domain was conserved in ACLSV isolates and in CMLV
(over 87% aa identity), whereas GINV, PVT, and CLBV
were more distantly related to those viruses, and the
corresponding identity values were below 63, 52, and
62%, respectively.
The aa sequence of the potential movement protein
was less conserved in trichoviruses and even the three
virus), ASPV (Foveavirus), GCLV (Carlavirus), PVX (Potexvirus), ShVX(Tricho
ttern represent homologous ORFs.
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228 VIVES ET AL.ACLSV isolates showed identity values below 80%. Iden-
tity between CLBV and PVT and the other trichoviruses
was less than 25%.
Comparison of the CP domain showed high aa identity
(over 94%) between the ACLSV isolates, a more distant
relationship with CMLV, GINV, and PVT (in this order),
and a very low aa identity with CLBV (less than 30%).
Phylogenetic relationships
Phylogenetic analysis using aa signatures of RdRp
and CP domains conserved in different allexi-, tricho-,
fovea-, carla-, potex-, viti-, and capilloviruses showed
that members of the same genus generally were
grouped, with the exception of PVT, which clustered
separate from other trichoviruses using either signature
(Fig. 4). Comparisons based on the RdRp domain
grouped CLBV with viruses in genera Capillo-, Carla-,
Fovea-, and Trichovirus, the closest association being
with trichoviruses, albeit with a low bootstrap value (Fig.
4A). However, in comparisons based on aa signatures of
the CP, CLBV clustered with viruses in genera Allexi-,
Fovea-, Potex-, and Carlavirus and appeared clearly sep-
rated from trichoviruses (Fig. 4B).
DISCUSSION
The CLBV gRNA is organized in three ORFs in its
ositive sense, potentially encoding the replicase com-
lex, a putative movement protein, and the coat protein,
FIG. 4. Phylogenetic analysis of amino acid signatures in RNA-depe
and members of genera Trichovirus (ACLSV, CMLV, GINV, PVT), Allexivir
WClMV, CymMV, PAMV), Carlavirus (GCLV, PVM), Vitivirus (GVA, GVB), a
(1991) (RdRp) and Dolja et al. (1991) (CP). Trees were constructed by the
W program and 1000 bootstrap replications.nd two UTRs of 73 and 541 nt at the 59 and 39 termini, gespectively. This genome organization resembles that of
CLSV, but both genomes differ in three aspects: (i) in
CLSV and other trichoviruses ORF2 overlaps ORFs 1 (in
0–92 nt) and 3 (in 88–483 nt), whereas in CLBV, ORFs 2
nd 3 are separated by an intergenic region and ORFs 1
nd 2 overlap in just one nt; (ii) the CP of CLBV is much
arger than the CP of ACLSV and other trichoviruses; and
iii) the 39 UTR of trichoviruses has between 141 and 190
t, excluding the poly(A) tail, whereas the 39 UTR of CLBV
pans 541 nt. This size is larger than usual in plant RNA
iruses; however, 39 UTRs with more than 1500 nt have
een reported (Borja et al., 1995).
In addition to these structural differences, pairwise aa
omparisons of CLBV with known trichoviruses generally
uggested distant or no relationships with members of
his virus genus. The methyltransferase and helicase
omains (ORF1) of known trichoviruses showed over
1% amino acid identity between them, but less than 40%
dentity with homologous domains in CLBV. A closer
elationship between CLBV and trichoviruses was ob-
erved in the polymerase domain; however, ACLSV iso-
ates and CMLV showed over 87% aa identity in this
omain, whereas identity with CLBV was less than 62%.
n the domains of the potential movement protein and the
P, aa identity between CLBV and the known trichovi-
uses was very low, with values below 22 and 30%,
espectively.
Phylogenetic analysis based on the RdRp domain
NA polymerase (RdRp) (A) and coat protein (CP) (B) domains of CLBV
X, GarVA, GarB), Foveavirus (ASPV, GRSPaV, CGRMV), Potexvirus (PVX,
illovirus (ASGV, CTLV, CVA). Domains are bordered according to Koonin
or-joining method using amino acid sequences aligned with CLUSTALndent R
us (ShV
nd Cap
neighbrouped CLBV with viruses in genera Capillo-, Carla-,
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229NUCLEOTIDE SEQUENCE OF CITRUS LEAF BLOTCH VIRUSFovea-, and Trichovirus, with a low significance associ-
ation with trichoviruses, whereas in comparisons based
on the CP aa signatures, CLBV appeared clearly sepa-
rated from trichoviruses and closer to viruses in genera
Allexi-, Fovea-, Potex-, and Carlavirus. As indicated
above, the size of the CLBV CP is only comparable to that
of ASPV foveavirus and larger than the CP of viruses in
the other genera. The aa identity of the CLBV CP domain
with homologous domains in ASPV, CGRMV, and
GRSPaV foveaviruses was between 45.5 and 49.1%, sim-
ilar to identity values (42.6–58.2%) observed among fo-
veaviruses (data not shown). Although CLBV and foveavi-
ruses have similarly sized virions, gRNA and CP, and
their CP domains have significant amino acid identity,
differences in their genome organization and lack of
amino acid identity in other genome regions prevent
inclusion of CLBV in the genus Foveavirus. Similarities
between the CP of CLBV and ASPV might have resulted
from an old recombination event between a CLBV an-
cestor and a foveavirus in which the first would have
acquired the CP from the second.
Interestingly, PVT, which is considered a member of
the genus Trichovirus, has in RdRp, movement protein
nd CP domains less than 52, 25, and 42% aa identity,
espectively, with other trichoviruses, whereas homolo-
ous domains in ACLSV and CLMV have over 87, 44, and
6% identity. This suggests that PVT might be an atypical
richovirus that has widely diverged from the others or it
ight belong to a different genus sharing some charac-
eristics with trichoviruses. This suggestion is supported
y phylogenetic analysis based on amino acid signa-
ures of conserved domains of the RdRp and the CP,
ince in both phylogenetic trees PVT is clearly separated
rom other trichoviruses.
Differences between CLBV and trichoviruses in genome
rganization and in CP size, and the closer relationship of
LBV CP with CP of foveaviruses, are arguments against
nclusion of CLBV in the genus Trichovirus, despite the fact
that both genomes contain three ORFs. Additionally, CLBV
differ from trichoviruses in host range. While all known
trichoviruses can be readily transmitted to Chenopodium
quinoa Willd. by mechanical inoculation (Salazar and Har-
rison, 1978; German et al., 1990; James and Mujerki, 1993;
Yoshikawa et al., 1997), repeated trials to mechanically
transmit CLBV to this and other herbaceous hosts were
unsuccessful (Galipienso et al., 2000). These biological,
structural, and molecular singularities of CLBV favor its
inclusion in a new virus genus, for which the name Citrivi-
rus is suggested, considering that citrus is the only known
natural host of this virus.
MATERIALS AND METHODS
Virus source and viral RNA preparation
The CLBV isolate SRA-153 (Navarro et al., 1984) used
in this work was maintained in plants of Nagami kum- squat grafted on rough lemon (Citrus jambhiri Lush)
grown in artificial potting mix (50% sand and 50% peat
moss) in a temperature-controlled (18–26°C) greenhouse
and fertilized by a standard procedure (Arregui et al.,
1982).
gRNA was extracted from partially purified virions
(Galipienso et al., 2001), and preparations enriched in
dsRNA were obtained from total nucleic acid extracts by
nonionic cellulose column chromatography in the pres-
ence of 16% (v/v) ethanol (Moreno et al., 1990), using 20
mg/ml of glycogen (Roche) as coprecipitant.
cDNA cloning and sequencing
The approach used to clone CLBV gRNA included the
following three steps: (i) preparation of a random-primed
cDNA library and sequencing of selected clones; (ii)
reverse transcription and PCR amplification (RT-PCR) us-
ing appropriate CLBV-specific primers to fill the genome
gaps left by this library; and (iii) preparation of clones of
the 39 and 59 termini. All these clones were sequenced.
The random-primed cDNA library was obtained using
sRNA-enriched preparations as described previously
Galipienso et al., 2001). To select cDNA clones of the
LBV gRNA, individual inserts from a random-primed
DNA library were digoxigenin-labeled and hybridized in
dot blot format with extracts enriched in double-
tranded RNA (dsRNA) from infected kumquat, and in a
outhern blot format with DNA extracts from healthy
umquat (data not shown). Clones reacting with viral
sRNA but not with plant DNA were sequenced. Over-
apping clones were prepared by RT-PCR (Ayllo´n et al.,
1999) using primers derived from the sequence of ran-
dom-primed cDNA clones (Table 1 and Fig. 1). These
primers were designed so that the sequence of all gRNA
regions was obtained from at least two different clones.
To obtain clones of the 39 and 59 termini, denatured
dsRNA was polyadenylated using yeast poly(A) polymer-
ase (U.S. Biochemicals). After phenol-chloroform extrac-
tion and ethanol precipitation, the polyadenylated RNAs
were reverse transcribed using primer PM-1, which has
(dT)17 at its 39 end, and then PCR-amplified using primers
M-1 and KU-16, KU-3 or KU-41 for the 59 terminal end,
nd PM-1 and KU-17 or KU-20 for the 39 terminal end
Table 1 and Fig. 1). Since CLBV gRNA has a poly(A) tail,
he sequence of the 39-terminal region was also deter-
ined from cDNA obtained by reverse transcription of
RNA from virions with primer PM-1 and PCR amplifica-
ion with primers PM-1 and LG-70up (Table 1 and Fig. 1).
T-PCR conditions were those described previously
Lo´pez et al., 1998; Vives et al., 1999). The RT-PCR prod-
cts were examined in a 2% agarose gel, and those with
he expected size were cloned in the linearized and
hymidylated pGEMR-T plasmid (Promega) using stan-
ard protocols (Sambrook et al., 1989). The nucleotide
equence of the inserts was determined with an ABI
l
U
[
(
G
P
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230 VIVES ET AL.PRISM DNA Sequencer 377 (Perkin–Elmer) using prim-
ers derived from the plasmid sequence. The largest
cDNA clones were sequenced following a step-by-step
primer extension in both directions, so that the whole
insert was sequenced twice.
Computer-assisted sequence analysis
The following programs of the GCG package (De-
vereux et al., 1984) were used: SEQED to edit sequences;
ASSEMBLE to assemble cDNA clones; GAP and BEST-
FIT (using a gap weight of 5.0 and a gap length weight of
0.3) to compare sequences; TRANSLATE to obtain the aa
sequences; FRAMES to search for open reading frames;
and BLAST for database searching. Multiple alignments
of aa sequences were done with CLUSTAL W (Thompson
et al., 1994).
T
Pairwise Amino Acid Comparisons of Genome-Encode
ACLSV A A
Methyl transferase domain ACLSV-A —
ACLSV-P
ACLSV-Bal 1
CMLV
GINV
PVT
CLBV
Helicase domain ACLSV-A —
ACLSV-P
ACLSV-Bal 1
CMLV
GINV
PVT
CLBV
RNA polymerase domain ACLSV-A —
ACLSV-P
ACLSV-Bal 1
CMLV
GINV
PVT
CLBV
Movement protein ACLSV-A —
ACLSV-P
ACLSV-Bal 1
CMLV
GINV
PVT
CLBV
Capsid protein domain ACLSV-A —
ACLSV-P
ACLSV-Bal 1
CMLV
GINV
PVT
CLBV
Note. na, data not available.
a % amino acid identity.Phylogenetic analyses were done using a 229-aa seg- rment of the polyprotein potentially encoded by ORF1 (aa
1665–1893), and a 55-aa segment of the CP encoded by
ORF3 (aa 247–301). These two segments encompass
several motifs conserved in RNA-dependent RNA poly-
merases and in the CP of different plant viruses, respec-
tively. The following viral sequences, which showed sim-
ilarities with the CLBV sequence in database search,
were used for comparison (Accession No. in GenBank
within parentheses): Shallot virus X (ShVX, M97264), Gar-
ic virus A (GarVA, D11157), and Garlic virus B (GarVB,
89243) allexiviruses, Apple chlorotic leaf spot virus
ACLSV-A (D14996), ACLSV-BalI (X99752), and ACLSV-P
M31714)], Cherry mottle leaf virus (CMLV, AF170028),
rapevine berry inner necrosis virus (GINV, D88448), and
otato virus T (PVT, D10172, and Y15998) trichoviruses;
pple stem pitting virus (ASPV, D21829), Grapevine
ins and Protein Domains of Trichoviruses and CLBVa
P ACLSV Bal 1 CMLV GINV PVT CLBV
98.8 71.2 na na 38.5
95.3 71.2 na na 39.1
— 71.2 na na 37.9
— na na 36.1
— na na
— na
—
97.1 71.5 na na 35.1
91.9 73.6 na na 34.3
— 71.9 na na 26.4
— na na 34.3
— na na
— na
—
97.4 87.8 60.7 51.3 60.7
96.5 87.8 61.3 49.4 60.7
— 87.8 60.7 50.6 59.8
— 62.7 48.2 61.6
— 48.0 58.7
— 52.5
—
79.9 44.8 na 24.7 19.7
77.2 45.0 na 21.5 21.5
— 44.5 na 21.4 21.0
— na 20.9 18.7
— na na
— 16.4
—
94.7 57.9 43.9 33.3 29.1
98.2 57.9 43.9 35.2 29.1
— 56.1 43.9 35.2 29.1
— 43.9 41.5 27.3
— 37.0 29.1
— 21.8
—ABLE 1
d Prote
CLSV
94.1
—
89.4
—
95.6
—
79.6
—
96.5
—upestris stem pitting associated virus (GRSPaV,
231NUCLEOTIDE SEQUENCE OF CITRUS LEAF BLOTCH VIRUSAF026278), and Cherry green ring mottle virus (CGRMV,
AF01778) foveaviruses; Garlic common latent virus
(GCLV, Z68502) and Potato virus M (PVM, X53062) carla-
viruses; Potato virus X (PVX, D00344), White clover mo-
saic virus (WClMV, X16636), Cymbidium mosaic virus
(CymMV, U62963), and Potato aucuba mosaic virus
(PAMV, S73580) potexviruses; Grapevine virus A (GVA,
X75433) and Grapevine virus B (GVB, X75488) vitiviruses;
and Apple stem grooving virus (ASGV, D14995), Citrus
tatter leaf virus (CTLV, D14455), and Cherry virus A (CVA,
X82547) capilloviruses.
Phylogenetic trees were constructed by the neighbor-
T
Primers Used for Reverse Transcription and PCR Am
Clon Primer
A 8 PM-1 CC
KU-16 AG
A 6 PM-1 CC
KU-3 CC
KU122 and D 4 KU-1 TC
KU-2 GC
A 3 KU-4 GG
Lg 70 low AC
A 5 KU-5 AC
KU-8 AG
A 4 Lg 70 up ATT
PM-1 CC
A 9 KU-17 TG
PM-1 CC
D 0 PM-1 CC
KU-41 ATT
D 1 KU-28 AA
KU-3 CC
D 2 KU-29 GT
KU-13 TAA
D 3 KU-14 CC
KU-30 TC
D 5 KU-25 ATG
SA2 b TG
D 6 SA2 a CA
KU-31 CA
D 7 KU-32 ATT
KU-26 CT
D 8 KU-5 AC
KU-33 CA
D 9 KU-9 TTC
KU-15 CA
D 10 KU-27 GA
KU-10 GA
D 11 KU-34 AA
Lg 70 low AC
D 12 Lg 70 up ATT
KU-35 GA
D 13 KU-6 AC
KU-21 TAT
D 14 KU-20 AA
PM-1 CC
a V in PM-1 represents A, C, or G.joining method using the MEGA program (Sudhir et al.,1993) and the statistical significance of branch order was
estimated with 1000 replications of bootstrap resampling
from the original alignments.
Expression and immunoblot analysis of the CP
The ORF3 of CLBV, potentially encoding the CP, was
PCR-amplified from clone A4 (Fig. 1) using primers CPK-1
(59ATGAAAATCACCAATGATAATGCC39) (nt 7115–7138) and
CPK-2 (59AATCAAGCTTCTACATTTCTAAGAGTTTTG39) (nt
8206–8187), which contain a HindIII restriction site (under-
lined) to facilitate cloning. The start and stop codons are in
ion to Obtain the Different cDNA Clones (see Fig. 1)
Sequence 59–39 Position (nt)
CTCTAGAGCGGCCGC(T)17V
a
TTGGGCCTTAGTCC 665–645
CTCTAGAGCGGCCGC(T)17V
a
TAGTTCGCCAATGG 965–945
AAAGCAAGCCTGC 1175–1795
TGAAATCATCTCCC 2706–2686
AGAATCTCAATGGC 3223–3243
TCTTCCACTTTGAC 6859–6839
TCTTCCACTTTGAC 4222–4242
AATCAAAGGTGTTC 6718–6648
ACATGTTTAATGCATC 6621–6644
CTCTAGAGCGGCCGC(T)17V
a
GTAACTTCTAGTCC 8125–8145
CTCTAGAGCGGCCGC(T)17V
a
CTCTAGAGCGGCCGC(T)17V
a
TTTTGTTGCTCATC 102–82
ATCACTCAATATAAGCC 50–73
TAGTTCGCCAATGG 965–945
ATCCACCAGAAATTCTC 707–730
CGTCCACTCTATCC 1512–1492
TTTGAACAATT TTG 1174–1194
ACCAAGTGGATCAG 1979–1959
TTTTATGGAGGCAG 2283–2303
CAAAAGTCCTCTCC 3309–3289
GAAGGTTGAATGGG 2957–2977
CTGTCCACCAATAAG 3956–3935
CAAATGGTTACCTG 3781–3802
TATTCCCGCTGTTC 4675–4655
TCTTCCACTTTGAC 4222–4242
CAATCAATGTC 5050–5033
AACGGCAAAAGAG 4719–4739
TCCAAGACCTTTCC 5776–5756
GCCAGGATGAATAC 5330–5341
TCATTTCCAGAAGG 6270–6250
TGGTTCCGATGCAC 6044–6062
TCTTCCACTTTGAC 6859–6839
ACATGTTTAATGCATC 6621–6644
TGCTTCTGCCC 7394–7376
ACTATTGGTTAGCC 7142–7162
CTAACGCTCCCATC 8044–8024
GCGGAAAAAGTCA 7790–7809
CTCTAGAGCGGCCGC(T)17V
aABLE 2
plificat
GGATC
AACAT
GGATC
GTGAC
ATATTC
ACAAT
CTTTA
CGCTC
CGCTC
CTGCC
TGAAA
GGATC
GACAT
GGATC
GGATC
GCAG
CTGTT
GTGAC
AGTCT
CCAT
TCTTC
ATAAA
GAGT
GCTAA
TGTTA
ATGTT
GTTTC
CTCTG
CGCTC
GCGCC
ATATA
GACAC
TGCAA
TCTGT
CTGTA
CGCTC
TGAAA
TCTTC
TATCA
CAGT
GATCA
GGATCbold in the sense and antisense primers, respectively. After
232 VIVES ET AL.HindIII treatment, the amplified fragment was ligated into
the bacterial expression vector pMAL-C2 (New England
Biolabs) digested with XmnI and HindIII, to generate the
recombinant plasmid pMAL-CPK. The fusion protein was
expressed in E. coli DH5a9 cells (Sambrok et al., 1989),
purified from bacterial lysates using an amylose column,
and the viral protein cleaved with Factor Xa (New England
Biolabs).
An antiserum to the CP was obtained by immunizing
two rabbits with a synthetic 20-aa polypeptide (Gramsch
Laboratories), encompassing aa 263–282 of the se-
quence deduced from ORF3. Selection of this CP seg-
ment was based on its high hydrophilicity and antigenic-
ity deduced from the amino acid sequence.
For immunoblot analysis of the CP, virions were par-
tially purified from 20 g of CLBV-infected kumquat bark
(Galipienso et al., 2001). Virion extracts and the fusion
protein were boiled with sodium dodecyl sulfate (SDS),
electrophoresed in a SDS–polyacrylamide gel (12% acryl-
amide) (Conejero and Semancik, 1977), and the proteins
were electroblotted onto a nitrocellulose membrane us-
ing a Trans-blot semidry transfer cell (Bio-Rad), following
the manufacturer’s protocol. The membrane was incu-
bated with a 1:1000 dilution of the CLBV antiserum and
then with a 1:5000 dilution of anti-rabbit IgG conjugated
with alkaline phosphatase (Sigma). The reaction was
developed with the chemiluminescent substrate CSPD
(Roche).
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